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(54) Thermodynamic cycle system for a vehicle

(57)  Athermodynamic cycle system for a moving ve-
hicle, including a refrigeration cycle system through
which a refrigerant flows, a first heat-transferring system
through which a heat-transferring medium flows, the
heat-transferring medium being used for adjusting tem-
peratures of heat-liberation components (100, 200, 300),
a second heat-transferring system through which a heat-
transferring medium flows, the heat-transferring medium

being used for adjusting an indoor air state, an interme-
diate heat exchanger (6a) provided between the refrig-
eration cycle system and the first heat-transferring sys-
tem, an intermediate heat exchanger (6b) provided be-
tween the refrigeration cycle system and the second
heat-transferring system, an indoor heat exchanger (5a)
provided in the first heat-transferring system, and an in-
door heat exchanger (5b) provided in the second heat-
transferring system.

FIG. 1

15} CONTROLLER

13c
13d
- - b op 2 s
200300,y Too 9a 4
Ta a S
5
13a 3a 8a
1
b 6b
13b D 12

3b

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 305 494 A1 2

Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to a thermody-
namic cycle system set up on a moving vehicle.

[0002] As conventional technologies concerning a
thermodynamic cycle system set up on a moving vehicle,
there have been known technologies disclosed in, e.g.,
JP-A-2008-230594 and JP-A-8-258548. In JP-A-
2008-230594, there is disclosed the technology for en-
hancing the heating capability as follows: An electric
heater is provided on the refrigeration cycle system.
Then, the heat occurring in a heating cycle of the refrig-
eration cycle and the heat generated by the electric heat-
er are co-used simultaneously, thereby enhancing the
heating capability. Also, in JP-A-8-258548, there is dis-
closed the technology for enhancing the heating capa-
bility as follows: The heat exchange is performed be-
tween a cooling liquid, which receives the heat released
from a heat-liberation component, and a refrigerant of
the refrigeration cycle. In this way, the heat released from
the heat-liberation component is taken advantage of as
the heat source at the time of the heating operation of
the refrigeration cycle, thereby enhancing the heating ca-
pability.

SUMMARY OF THE INVENTION

[0003] The air-conditioning system set up on the mov-
ing vehicle is not equipped with an energy source which
is specifically dedicated to the air-conditioning system
itself.

Accordingly, the air-conditioning system must be activat-
ed based on some other energy source, such as, e.g.,
an energy source for activating the heat-liberation com-
ponent. Namely, the air-conditioning system must be ac-
tivated by using the energy fed from this different energy
source as an energy source for its own activation. Also,
in the case where, like the technology disclosed in JP-
A-2008-230594, the electric heater is set up on the air-
conditioning system, the electric heater must also be ac-
tivated by using the energy fed from the energy source
for activating the heat-liberation component. In view of
these circumstances, if the activation of the heat-libera-
tion component is wished to be increased, itis necessary
to lower the capability of the air-conditioning system, and
thereby to suppress the energy that is taken out by the
air-conditioning system from the energy source for the
heat-liberation component (i.e., the energy consumed by
the air-conditioning system).

[0004] In order to increase the activation of the heat-
liberation component without lowering the capability of
the air-conditioning system, the following scheme is con-
ceivable: Namely, like the technology disclosed in, e.g.,
JP-A-8-258548, the energy-saving implementation of the
air-conditioning system is accomplished by configuring
a system where the heat released from the heat-ibera-
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tion component can be taken advantage of as the heat
source at the time of the heating operation of the refrig-
eration cycle. This scheme makes it possible to suppress
the energy taken out by the air-conditioning system from
the energy source for the heat-liberation component.
Nevertheless, in the system configuration where, like the
technology disclosed in JP-A-8-258548, the exhaust
heatis utilized ina secondary manner, the following draw-
backs are conceivable: Namely, the utilization efficiency
lowers in accompaniment with the conversion of the ther-
mal energy, and the energy-saving effect lowers accord-
ingly. Here, the exhaust-heat utilization in the secondary
manner is such that the exhaust heat from the heat-lib-
eration component is collected into the refrigeration cy-
cle, and after that, the exhaust heat is utilized for the air
conditioning. These circumstances require the construc-
tion of a system configuration which allows an enhance-
ment in the energy-saving effect.

[0005] The heat-liberation component is cooled via a
process where a cooling medium collects the heat liber-
ated therefrom. This cooling process adjusts the temper-
ature of the heat-liberation component into a tolerable
temperature range. Also, the output of the heat-liberation
component changes in an instantaneous manner due to
a variation in the load. Then, in accompaniment with this
change in the output, the heat-liberation amount of the
component changes. In order to operate the heat-liber-
ation component with a high efficiency, it is preferable to
always maintain the temperature of the heat-liberation
component at an appropriate temperature by changing
the cooling capability of the heat-liberation componentin
correspondence with the change in the heat-liberation
amount (i.e., temperature) of the heat-liberation compo-
nent. In order to change the cooling capability of the heat-
liberation component, it is conceivable to make the tem-
perature of the cooling medium variable by changing flow
velocity of the cooling medium or wind amount of the air,
and changing the heat-exchange amount between the
air and the cooling medium. In the heat exchange be-
tween the air and the cooling medium, however, the tem-
perature of the cooling medium cannot be lowered down
to a temperature which is lower than the temperature of
the air. As a result, if, e.g., at the high-temperature time
in summer, the heat-liberation amount (i.e., temperature)
of the heat-liberation component has increased, it be-
comes increasingly difficult to permit the temperature of
the heat-liberation component to come closer to the ap-
propriate temperature, at which the heat-liberation com-
ponent can operate with a high efficiency. These circum-
stances require that the cooling capability of the heat-
liberation component can be made variable without being
influenced by the peripheral environment’s state. Also,
at the low-temperature time in winter, these circumstanc-
es require that the temperature of the heat-liberation
component can be adjusted into the appropriate temper-
ature at which the heat-liberation component can operate
with a high efficiency, i.e., the heat-liberation component
can be heated.
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[0006] According to one of the aspects of the present
inventions, it is provided with a moving vehicle thermo-
dynamic cycle system which allows the accomplishment
of the energy-saving implementation of the indoor air
conditioning, and which allows the enhancement in the
adjustment functionality for the temperature of the heat-
liberation component.

[0007] According to another aspect of the present in-
vention, it is provided with a thermodynamic cycle sys-
tem, including a thermodynamic cycle circuit which is
separated into a primary-side thermodynamic cycle cir-
cuit for performing heat exchange with an outdoor side,
and a secondary-side thermodynamic cycle circuit for
performing heat exchange with anindoor side and a heat-
liberation component side, wherein the primary-side ther-
modynamic cycle circuitis constituted with a refrigeration
cycle system, the secondary-side thermodynamic cycle
circuit being constituted with two heat-transferring sys-
tems through which heat-transferring media flow inde-
pendently of each other, an intermediate heat exchanger
being provided between the refrigeration cycle system
and each of the two heat-transferring systems, so that a
refrigerant of the refrigeration cycle system and the heat-
transferring medium of each of the two heat-transferring
systems can perform the heat exchange with each other,
an indoor heat exchanger being further provided in each
of the two heat-transferring systems for performing the
heat exchange with the heat-liberation component side,
so that the heat-transferring medium of each of the two
heat-transferring systems for performing the heat ex-
change with the heat-liberation component side, and air
which is taken into the indoor side can perform the heat
exchange with each other.

[0008] According to one of the representative present
inventions, the thermal energy that is obtained by the
temperature adjustment of the heat-liberation compo-
nentis utilized for the indoor air conditioning. This feature
makes it possible to accomplish the minimization of the
energy needed for the indoor air conditioning, thereby
allowing the accomplishment of the energy-saving im-
plementation of the indoor air conditioning. What is more,
according to the one of the representative present inven-
tions, the thermal energy obtained by the temperature
adjustment of the heat-liberation component is directly
utilized for the indoor air conditioning. This feature allows
the enhancement in the energy-saving effect on the in-
door air conditioning. Consequently, according to the one
ofthe representative presentinventions, it becomes pos-
sible to suppress the energy taken out by the air-condi-
tioning system from the energy source for the heat-liber-
ation component.

[0009] Also, according to further aspect of the present
invention, the thermal energy that is used for the indoor
air conditioning is utilized for the temperature adjustment
of the heat-liberation component. This feature makes it
possible to make a wide-range adjustment of the tem-
perature of the heat-transferring media for adjusting the
temperature of the heat-liberation component. This wide-
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range adjustment allows the temperature of the heat-lib-
eration component to be made variable without being
influenced by the peripheral environment’s state. Con-
sequently, according to the one of the representative
presentinventions, it becomes possible to adjust the tem-
perature of the heat-liberation component into an appro-
priate temperature at which the heat-liberation compo-
nent can operate with a high efficiency. This feature per-
mits the heat-liberation component to operate with the
high efficiency.

[0010] Other objects, features and advantages of the
invention will become apparent from the following de-
scription of the embodiments of the invention taken in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

Fig. 1 is a piping channel diagram for illustrating the
configuration of a thermodynamic cycle system ac-
cording to a first embodiment of the present inven-
tion;

Fig. 2 is a piping channel diagram for illustrating the
piping channel illustrated in Fig. 1in a manner where
a distinction is made between a primary-side ther-
modynamic cycle channel and a secondary-side
thermodynamic cycle channel;

Fig. 3 is an explanatory diagram for explaining the
operation of the thermodynamic cycle system illus-
trated in Fig. 1, and a piping channel diagram for
illustrating the operation of the thermodynamic cycle
system at the time of its cooling operation;

Fig. 4 is an explanatory diagram for explaining the
operation of the thermodynamic cycle system illus-
trated in Fig. 1, and a piping channel diagram for
illustrating the operation of the thermodynamic cycle
system at the time of its heating operation and at the
time of the steady driving of the electric driving sys-
tem for an electric vehicle;

Fig. 5 is an explanatory diagram for explaining the
operation of the thermodynamic cycle system illus-
trated in Fig. 1, and a piping channel diagram for
illustrating the operation of the thermodynamic cycle
system at the time of its heating operation and at the
time of the cooling operation of the electric driving
system for the electric vehicle;

Fig. 6 is an explanatory diagram for explaining the
operation of the thermodynamic cycle system illus-
trated in Fig. 1, and a piping channel diagram for
illustrating the operation of the thermodynamic cycle
system at the time of its cooling-dehumidifying op-
eration;

Fig. 7 is an explanatory diagram for explaining the
operation of the thermodynamic cycle system illus-
trated in Fig. 1, and a piping channel diagram for
illustrating the operation of the thermodynamic cycle
system at the time of its heating-dehumidifying op-
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eration;

Fig. 8 is an explanatory diagram for explaining the
operation of the thermodynamic cycle system illus-
trated in Fig. 1, and a piping channel diagram for
illustrating the operation of the thermodynamic cycle
system at the time of its heating-dehumidifying op-
eration;

Fig. 9 is a piping channel diagram for illustrating the
configuration of the thermodynamic cycle system ac-
cording to a second embodiment of the present in-
vention;

Fig. 10 is an explanatory diagram for explaining the
operation of a pressure reducer at the time of the
cooling-dehumidifying operation and at the time of
the heating-dehumidifying operation of the thermo-
dynamic cycle system illustrated in Fig. 8;

Fig. 11 is a piping channel diagram for illustrating
the configuration of the thermodynamic cycle system
according to a third embodiment of the present in-
vention;

Fig. 12 is a piping channel diagram for illustrating
the configuration of the thermodynamic cycle system
according to a fourth embodiment of the present in-
vention; and

Fig. 13 is a block diagram for illustrating the config-
uration of a motor-driving system of the electric ve-
hicle which sets up therein the thermodynamic cycle
system according to whatever embodiment of the
first to fourth embodiments of the present invention.

DESCRIPTION OF THE EMBODIMENTS

[0012] Hereinafter, the explanation will be given below
concerning embodiments of the present invention.
[0013] In the embodiments which will be explained
hereinafter, the explanation will be given selecting, as its
example, a case where the present invention is applied
to the thermodynamic cycle system of a pure electric ve-
hicle. Here, the pure electric vehicle refers to an electric
vehicle in which an electric motor is employed as its only
driving source.

[0014] The configurations of the embodiments which
will be explained hereinafter may also be applied to ther-
modynamic cycle systems of electrically-driven vehicles
in which engine, i.e., internal-combustion engine, and
electric motor are employed as their driving sources. Ex-
amples of such vehicles are hybrid car (passenger car),
freight automobile such as hybrid truck, and omnibus car
such as hybrid bus.

[0015] First, referring to Fig. 13, the explanation will be
given below concerning a motor-driving system of the
pure electric vehicle (which, hereinafter, will be referred
to as "EV" simply) to which the thermodynamic cycle sys-
tem of the present invention is applied.

[0016] Fig. 13 illustrates the configuration of a driving
system ofthe EV 1000, and the electrical connection con-
figuration of respective components of the motor-driving
system, which constitutes a partial portion of the above-
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described driving system.

[0017] Incidentally, in Fig. 13, thick solid lines indicate
the electrical system, and thin solid lines indicate the elec-
tronic system.

[0018] An axles 30 is disposed on the front portion or
rear portion of the vehicle body whose illustration is omit-
ted. A pair of driving wheels 20 are provided on both ends
of the axle 30. Although the illustration is omitted, on both
ends of another axle 30 a pair of trailing wheels are pro-
vided on the rear portion or front portion of the vehicle
body. Inthe EV 1000 illustrated in Fig. 13, the front-wheel
driving system is illustrated where the driving wheels 20
are front wheels, and where the trailing wheels are rear
wheels. The present invention may be applied to a rear-
wheel driving system where the driving wheels 20 are
the rear wheels, and where the trailing wheels are the
front wheels.

[0019] A differential gear (which, hereinafter, will be
referred to as "DEF") 70 is provided at the central portion
of the axle 30. The axle 30 is mechanically connected
onto the output side of the DEF 70. The output shaft of
a transmission 60 is mechanically connected onto the
input side of the DEF 70. The DEF 70 is a differential-
type driving-power distribution mechanism for distribut-
ing a rotational driving force, which is transmitted from
the transmission 60 in a manner of being varied thereby,
to the axles 30 extending at the right and left of the DEF
70. The output side of a motor-generator 200 is mechan-
ically connected onto the input side of the transmission
60.

[0020] The motor-generator 200 is a rotation electric
machinery which includes an armature (corresponding
to a stator in the EV 1000 illustrated in Fig. 13) 210, and
afield (corresponding to a rotor in the EV 1000 illustrated
in Fig. 13) 220. Here, the armature 210 is equipped with
an armature winding 211. The field 220 is opposed to the
armature 210 with a gap therebetween, and is equipped
with a permanent magnet 221. The motor-generator 200
functions as the motor at the time of power running of
the EV 1000, and functions as a generator at the time of
regeneration thereof.

[0021] In the case where the motor-generator 200
functions as the motor, the electric energy stored in a
battery 100 is fed to the armature winding 211 via an
inverter device 300. This electric energy fed causes an
electromagnetic interaction to occur between the arma-
ture 210 and the field 220, thereby allowing the motor-
generator 200 to generate a rotational driving power (i.e.,
mechanical energy). The rotational driving power output-
ted from the motor-generator 200 is transmitted to the
axle 30 via the transmission 60 and the DEF 70, thereby
driving the driving wheels 20.

[0022] In the case where the motor-generator 200
functions as the generator, the mechanical energy (i.e.,
rotational driving power) transmitted from the driving
wheels 20 is transmitted to the motor-generator 200,
thereby driving the motor-generator 200. Driving the mo-
tor-generator 200 in this way causes the magnetic flux
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of the field 220 to penetrate the armature winding 211 in
a chain-like manner, thereby inducing an electric voltage.
This electric voltage induced allows the motor-generator
200 to generate the electric power. The electric power
outputted from the motor-generator 200 is fed to the bat-
tery 100 via the inverter device 300, thereby charging the
battery 100.

[0023] The motor-generator 200, and the armature
210 in particular, are adjusted by the thermodynamic cy-
cle system (which will be described later) so that their
temperatures will fall into a tolerable temperature range.
The armature 210 is a heat-liberation component, and
accordingly is required to be cooled. Simultaneously, if
the peripheral temperature is low, raising the temperature
of the motor-generator 200 becomes necessary in some
cases so that the predetermined electrical characteristics
become obtainable.

[0024] The motor-generator 200 is driven in such a
manner that the electric power between the armature 210
and the battery 100 is controlled by the inverter device
300. Namely, the inverter device 300 is a control device
for controlling the motor-generator 200. The inverter de-
vice 300 is a power conversion device for converting the
electric power from DC power to AC power, or from AC
power to DC power on the basis of switching operations
of switching semiconductor elements. The inverter de-
vice 300 includes a power module 310, a driving circuit
330 for driving the switching semiconductor elements im-
plemented on the power module 310, an electrolytic ca-
pacitor 320 which is electrically connected to the DC side
of the power module 310 in parallel thereto, and which
smoothes the DC voltage, and a motor control unit 340
for generating a switching instruction for the switching
semiconductor elements implemented on the power
module 310, and outputting a signal corresponding to
this switching instruction to the driving circuit 330.
[0025] The power module 310 forms a power conver-
sion circuit having the following structure. Six switching
semiconductor elements are implemented on the sub-
strate. The six switching elements are electrically con-
nected to each other using a conductor such as aluminum
wire, such that two switching semiconductor elements
for upper-arm and lower-arm are electrically connected
to each other in series, thereby forming three of such
series circuits (corresponding to the arms by the amount
of one phase) electrically connected to each other in par-
allel (i.e., three-phase bridge connection) for three phas-
es..

[0026] The element used as each switching semicon-
ductor element is a Metal-Oxide-Semiconductor Field-
Effect Transistor (MOSFET), or an Insulating-Gate Bipo-
lar Transistor (IGBT). Here, when configuring the power
conversion circuit using the MOSFET, a parasite diode
exists between the drain electrode and the source elec-
trode. Accordingly, a diode element need not be imple-
mented therebetween newly and separately. Meanwhile,
when configuring the power conversion circuit using the
IGBT, no diode element exists between the collector
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electrode and the emitter electrode. Consequently, newly
and separately, the diode element needs to be electrically
connected therebetween in inversely-parallel to each
other.

[0027] The opposite side (i.e., collector-electrode side
in the case of the IGBT) to the lower-arm connection side
of each upper arm is guided out to the outside from the
DC side of the power module 310, then being electrically
connected to the positive-pole side of the battery 100.
The opposite side (i.e., emitter-electrode side in the case
of the IGBT) to the upper-arm connection side of each
lower arm is guided out to the outside from the DC side
of the power module 310, then being electrically connect-
ed to the negative-pole side of the battery 100. An inter-
mediate point between the respective arms, i.e., a con-
nection point of the lower-arm connection side of the up-
per arm (i.e., emitter-electrode side of the upper arm in
the case of the IGBT) and the upper-arm connection side
ofthe lowerarm (i.e., collector-electrode side of the lower
arm in the case of the IGBT), is guided out to the outside
from the AC side of the power module 310, then being
electrically connected to the winding of the corresponding
phase of the armature winding 211.

[0028] The electrolytic capacitor 320 is used for sup-
pressing a voltage variation which is caused to occur by
the high-speed switching operations of the switching
semiconductor elements and an inductance existing in
the power conversion circuitin a parasitic manner. Name-
ly, the electrolytic capacitor 320 is a smoothing capacitor
for eliminating the AC component contained in the DC
component. As the smoothing capacitor, a film capacitor
is also usable instead of the electrolytic capacitor 320.
[0029] The motor control unit 340 is the following elec-
tronic circuit device: The motor control unit 340 receives
a motor-torque command signal outputted from a vehicle
control unit 80 for centralizing and exercising the control
over the entire vehicle. Then, based on the signal, the
device 340 generates a switching command signal (e.g.,
PWM (Pulse Width Modulation) signal) with respect to
the six switching semiconductor elements, then output-
ting the switching command signal to the driving circuit
330.

[0030] The driving circuit 330 is the following electronic
circuit device: The driving circuit 330 receives the switch-
ing command signal outputted from the motor control unit
340. Then, based onthe signal, the device 330 generates
a driving signal for the six switching semiconductor ele-
ments, then outputting the driving signal to the gate elec-
trodes of the six switching semiconductor elements.
[0031] Theinverter device 300, and the power module
310 and the electrolytic capacitor 320 in particular, are
adjusted by the thermodynamic cycle system (which will
be described later) so that their temperatures will fall into
a tolerable temperature range. The power module 310
and the electrolytic capacitor 320 are heat-liberation
components, and accordingly are required to be cooled.
Simultaneously, if the peripheral temperature is low, rais-
ing the temperature of the inverter device 300 becomes
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necessary in some cases so that the predetermined op-
eration characteristics and electrical characteristics be-
come obtainable.

[0032] The vehicle control unit 80 generates the motor-
torque command signal with respect to the motor control
unit 340, then outputting the motor-torque command sig-
nal to the motor control unit 340. This generation is per-
formed based on a plurality of state parameters for indi-
cating the operation state of the vehicle, such as torque
request from the driver and speed of the vehicle.
[0033] The battery 100, which constitutes a driving
power-supply for the motor-generator 200, is a high-volt-
age battery of 200-V-or-more nominal output voltage.
The battery 100 is electrically connected to the inverter
device 300 and a charger 500 via a junction box 400.
The battery employed as the cell unit of the battery 100
is a lithium ion battery.

[0034] Incidentally, the other storage batteries that are
also employable as the cell unit of the battery 100 are
lead-acid battery, nickel-hydrogen battery, electric dou-
ble-layer capacitor, and hybrid capacitor.

[0035] The battery 100 is the storage-battery device
thatis charged/discharged by the inverter device 300 and
the charger 500. The battery 100 includes a cell unit 110
and a control unit as its main parts.

[0036] The cell unit 110, which is a storage for electric
energy, is constituted from a plurality of lithium ion cells.
These lithium ion cells allow the storage and release of
the electric energy (i.e., charge/discharge of the DC elec-
tric power), and are electrically connected to each other
in series. The cell unit 110 is electrically connected to the
inverter device 300 and the charger 500.

[0037] The control unit is an electronic control device
constituted from a plurality of electronic circuit compo-
nents. The control unit manages and controls the state
of the cell unit 110, and provides a tolerable charge/dis-
charge amountto the inverter device 300 and the charger
500 thereby to control the input/output of the electric en-
ergy into/from the cell unit 110.

[0038] The electronic control device is constituted in a
manner of being divided into two hierarchies in terms of
its function. Namely, the electronic control device in-
cludes a battery control unit 130, which is equivalent to
a higher-order device (i.e., parent) inside the battery 100,
and a cell control unit 120, which is equivalent to a lower-
order device (i.e., child) seen from the battery control unit
130.

[0039] The cell control unit 120 operates as a compe-
tent servant of the battery control unit 130 in accordance
with an command signal outputted from the battery con-
trol unit 130. The cell control unit 120 includes a plurality
of cell management units for managing and controlling
the state of each of the plurality of lithium ion cells. Each
of the plurality of cell management units is constituted
with a plurality of integrated circuits (ICs). When the plu-
rality of lithium ion cells, which are electrically connected
to each other in series, are classified into several groups,
the plurality of ICs are provided in correspondence with
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each of these groups, and detect the voltage and the
over charge/discharge abnormality of each of the plurality
of lithium ion cells owned by each corresponding group.
Simultaneously, if there is a variation in the charge states
among the plurality of lithium ion cells owned by each
corresponding group, the ICs discharge a lithium ion cell
whose charge state is larger than a predetermined
charge state. In this way, the ICs manage and control
the state of each of the plurality of lithium ion cells owned
by each corresponding group, so that the charge states
among the plurality of lithium ion cells owned by each
corresponding group will be equalized to each other.
[0040] The battery control unit 130 is the following elec-
tronic control device: The battery control unit 130 man-
ages and controls the state of the cell unit 110, and no-
tifies the vehicle control unit 80 or the motor control unit
340 about the tolerable charge/discharge amount there-
by to control the input/output of the electric energy into/
from the cell unit 110. The battery control unit 130 in-
cludes a state detection unit, which is a computation
processing unit such as microcomputer or digital signal
processor.

[0041] A plurality of signals are inputted into the state
detection unit of the battery control unit 130. These plu-
rality of inputted signals are as follows: Measurement
signals outputted from a current measurement unit for
measuring the charge/discharge current of the cell unit
110, a voltage measurement unit for measuring the
charge/discharge voltage of the cell unit 110, and a tem-
perature measurement unit for measuring the tempera-
tures of the cell unit 110 and the several lithium ion cells,
a detection signal outputted from the cell control unit 120,
and being about inter-terminals voltages of the plurality
of lithium ion cells, an abnormality signal outputted from
the cell control unit 120, an ON/OFF signal based on the
operation of an ignition-key switch, and the signal out-
putted from the vehicle control unit 80 or the motor control
unit 340, i.e., the higher-order device.

[0042] The state detection unit of the battery control
unit 130 executes a plurality of computations including a
computation for detecting states such as the SOC (State
Of Charge) state and SOH (State Of Health) state of the
cell unit 110, a computation for balancing the charge
states of the plurality of lithium ion cells, and a computa-
tion for controlling the charge/discharge amount of the
cell unit 110. These computations are executed based
on the information obtained from the above-described
plurality of inputted signals, previously set characteristics
information on the lithium ion cells, and computation in-
formation needed for the computations. Moreover, based
on these computation results, the state detection unit of
the battery control unit 130 generates and outputs a plu-
rality of signals including an command signal with respect
to the cell control unit 120, a signal about the tolerable
charge/discharge amount for controlling the charge/dis-
charge amount of the cell unit 110, a signal about the
SOC of the cell unit 110, and a signal about the SOH of
the cell unit 110.
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[0043] Also, based onthe abnormality signal outputted
from the cell control unit 120, the state detection unit of
the battery control unit 130 generates and outputs a plu-
rality of signals including an command signal for cutting
off primary positive-pole side and negative-pole side re-
lays 410 and 420, and a signal for notifying the abnormal
state.

[0044] The existence of a signal transmission path al-
lows the battery control unit 130 and the cell control unit
120 to perform the transmission/reception of a signal to
each other. The device 130 and the device 120, however,
are electrically insulated to each other. This is because
their operation power-supplies differ from each other, and
because their reference potentials differ from each other.
On account of this, an insulator 140, such as a photo
coupler, capacitive coupling element, and transformer,
is provided on the signal transmission path which con-
nects between the battery control unit 130 and the cell
control unit 120. The existence of this insulator allows
the battery control unit 130 and the cell control unit 120
to perform the signal transmission/reception using sig-
nals whose reference potentials differ from each other.
[0045] The battery 100, and the cell unit 110 in partic-
ular, are adjusted by the thermodynamic cycle system
(which will be described later) so that their temperatures
fall into a tolerable temperature range. The cell unit 110
is a heat-liberation components, and accordingly is re-
quired to be cooled. Simultaneously, if the peripheral
temperature is low, raising the temperature of the battery
100 becomes necessary in some cases so that the pre-
determined input/output characteristics become obtain-
able.

[0046] The electric energy stored into the battery 100
is used as the driving power for the motor-driving system
which is used for running the EV 1000. The storage of
the electric energy into the battery 100 is implemented
using the regeneration power generated by the regener-
ation operation of the motor-driving system, the power
taken in from the home-oriented commercial power-sup-
ply, or the power purchased from a charge station.
[0047] When the battery 100 is charged from the
home-oriented commercial power-supply 600, or a pow-
er-feeding device of the charge station, a power-supply
plug 550 of the front end of a power-supply cable, which
is electrically connected to an outside power-supply con-
nection terminal of the charger 500, is plugged into an
electric outlet 700 on the side of the commercial power-
supply 600. Otherwise, a power-supply cable extending
from the power-feeding device of the charge station is
connected to the outside power-supply connection ter-
minal of the charger 500. This process establishes the
electrical connection between the charger 500 and the
commercial power-supply 600 or the power-feeding de-
vice of the charge station, thereby allowing the AC power
to be fed to the charger 500 from the commercial power-
supply 600 or the power-feeding device of the charge
station. The charger 500 converts the fed AC power into
the DC power, and after adjusting the DC power into a
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charge voltage for the battery 100, feeds the charge volt-
age to the battery 100. This process charges the battery
100.

[0048] Incidentally, the charge from the power-feeding
device of the charge station is performed in basically the
same manner as in the charge from the home-oriented
commercial power-supply 600. The current capacity and
charge time of the power to be fed to the charger 500,
however, differs between the charge from the home-ori-
ented commercial power-supply 600 and the charge from
the power-feeding device of the charge station. Con-
cretely, in the charge from the power-feeding device of
the charge station, the current capacity is larger, and the
charge time is faster as compared with the charge from
the home-oriented commercial power-supply 600.
Namely, the high-speed charge is executable.

[0049] The charger 500 is the following power conver-
sion device: The charger 500 converts, into the DC pow-
er, the AC power fed from the home-oriented commercial
power-supply 600 or the power-feeding device of the
charge station. Simultaneously, the charger 500 voltage-
raises this converted DC power into the charge voltage
for the battery 100, then feeding the charge voltage to
the battery 100. The charger 500 includes an AC-DC
conversion circuit 510, a voltage-raising circuit 520, a
driving circuit 530, and a charge control unit 540.
[0050] The AC-DC conversion circuit 510 is a power
conversion device for converting the AC power fed from
an outside power-supply into the DC power, and output-
ting the DC power. The AC-DC conversion circuit 510,
which is constituted with, e.g., the bridge connection of
a plurality of diode elements, includes a rectification cir-
cuit provided for rectifying the AC power fed from the
outside power-supply into the DC power, and a power-
factor improvement circuit electrically connected to the
DC side of the rectification circuit, and provided for im-
proving the power-factor of the output of the rectification
circuit. The circuit which is also employable as the circuit
for converting the AC power into the DC power is a circuit
which is constituted with the bridge connection of a plu-
rality of switching semiconductor elements to which the
diode elements are connected in inversely-parallel there-
to.

[0051] The voltage-raising circuit 520 is a power con-
version device for voltage-raising the DC power, which
is outputted from the AC-DC conversion circuit 510 (i.e.,
power-factor improvement circuit), up to the charge volt-
age for the battery 100. The voltage-raising circuit 520
is constituted with, e.g., an insulating-type DC-DC con-
verter. The insulating-type DC-DC converter includes a
transformer, a conversion circuit electrically connected
to the primary-side winding of the transformer, constitut-
ed with the bridge connection of a plurality of switching
semiconductor elements, and converting the DC power
outputted from the AC-DC conversion circuit 510 into the
AC power, and inputting the AC power into the primary-
side winding of the transformer, a rectification circuit elec-
trically connected to the secondary-side winding of the
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transformer, constituted with the bridge connection of a
plurality of diode elements, and rectifying the AC power,
which is generated in the secondary-side winding of the
transformer, into the DC power, a smoothing reactor elec-
trically connected to the positive-pole side of the output
side (i.e., DC side) of the rectification circuit in series
therewith, and a smoothing capacitor electrically con-
nected to between the positive and negative poles of the
output side (i.e., DC side) of the rectification circuit in
parallel thereto.

[0052] The charge control unit 540 is the following elec-
tronic circuit device: Having received the signal outputted
from the vehicle control unit 80 and the signal outputted
from the battery control unit 130 of the battery 100, the
charge control unit 540 generates the switching com-
mand signal (e.g., PWM (: Pulse Width Modulation) sig-
nal) with respect to the plurality of switching semiconduc-
tor elements of the voltage-raising circuit 520, then out-
putting the switching command signal to the driving circuit
530. This process is performed in order to control the
charge termination/start of the battery 100 by the charger
500, and factors such as the power, voltage, and current
fed from the charger 500 into the battery 100 at the time
of charge. The charge control unit 540 is constituted by
implementing, on the circuit board, a plurality of electronic
components including a computation processing unit
such as microcomputer.

[0053] The vehicle control unit 80 monitors the input-
side voltage of the charger 500, for example. Moreover,
if the vehicle control unit 80 judges that the charger 500
falls into a charge start state such that both of the charger
500 and the outside power-supply are electrically con-
nected to each other to apply the voltage to the input side
of the charger 500, the device 80 outputs a charge-start-
ing command signal to the charge control unit 540. Mean-
while, if, based on a battery state signal outputted from
the control device for the battery 100, the device 80 judg-
es that the battery 100 falls into a full-charge state, the
device 80 outputs a charge-terminating command signal
to the charge control unit 540. The operations like this
may also be performed by the motor control unit 340 or
the control device for the battery 100, or may also be
performed by the charge control unit 540 itself in coop-
eration with the control device for the battery 100.
[0054] The control device for the battery 100 detects
the state of the battery 100, thereby computing the tol-
erable charge amount for the battery 100 so that the
charge from the charger 500 into the battery 100 will be
controlled. Moreover, the control device outputs a signal
about this computation result to the charger 500.
[0055] Thedriving circuit 530 is the following electronic
circuit device: Having received the command signal out-
putted from the charge control unit 540, the driving circuit
530 generates a driving signal with respect to the plurality
of switching semiconductor elements of the voltage-rais-
ing circuit 520. Then, the circuit 530 outputs the driving
signal to the gate electrodes of the plurality of switching
semiconductor elements. The driving circuit 530 is con-
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stituted by implementing, on the circuit board, a plurality
of electronic components such as the switching semicon-
ductor elements and amplifiers.

[0056] Incidentally, in the case where the AC-DC con-
version circuit 510 is constituted with the switching sem-
iconductor elements, the switching command signal with
respect to the switching semiconductor elements of the
AC-DC conversion circuit 510 is outputted from the
charge control unit 540 to the driving circuit 530. Subse-
quently, the driving signal with respect to the switching
semiconductor elements of the AC-DC conversion circuit
510 is outputted from the driving circuit 530 to the gate
electrodes of the switching semiconductor elements of
the AC-DC conversion circuit 510. This process allows
implementation of the control over the switching of the
switching semiconductor elements of the AC-DC conver-
sion circuit 510.

[0057] The junction box 400 contains therein the pri-
mary positive-pole side relay 410 and a secondary pos-
itive-pole side relay 430, and the primary negative-pole
side relay 420 and a secondary negative-pole side relay
440.

[0058] The primary positive-pole side relay 410 is a
switch for controlling an electrical connection between
the DC positive-pole side of the inverter device 300 (pow-
er module 310) and the positive-pole side of the battery
100. The primary negative-pole side relay 420 is a switch
for controlling an electrical connection between the DC
negative-pole side of the inverter device 300 (power mod-
ule 310) and the negative-pole side of the battery 100.
The secondary positive-pole side relay 430 is a switch
for controlling an electrical connection between the DC
positive-pole side of the charger 500 (voltage-raising cir-
cuit 520) and the positive-pole side of the battery 100.
The secondary negative-pole side relay 440 is a switch
for controlling an electrical connection between the DC
negative-pole side of the charger 500 (voltage-raising
circuit 520) and the negative-pole side of the battery 100.
[0059] The primary positive-pole side relay 410 and
the primary negative-pole side relay 420 are closed when
the rotational driving power of the motor-generator 200
is in a necessary operation mode, and when the power
generation of the motor-generator 200 is in a necessary
operation mode. The relays 410 and 420 are opened
when the vehicle is in a halt mode (i.e., when the ignition-
key switch is turned off), when an abnormality occurs in
the motor-driving system or the vehicle, and when the
battery 100 is charged by the charger 500. Meanwhile,
the secondary positive-pole side relay 430 and the sec-
ondary negative-pole side relay 440 are closed when the
battery 100 is charged by the charger 500. The relays
430 and 440 are opened when the charge into the battery
100 by the charger 500 is terminated, and when an ab-
normality occurs in the charger 500 or the battery 100.
[0060] The open/close of the primary positive-pole
side relay 410 and the primary negative-pole side relay
420 is controlled by an open/close command signal out-
putted from the vehicle control unit 80. The open/close



15 EP 2 305 494 A1 16

of the primary positive-pole side relay 410 and the pri-
mary negative-pole side relay 420 may also be controlled
by an open/close command signal outputted from anoth-
er control device, e.g., the motor control unit 340 or the
control device for the battery 100. The open/close of the
secondary positive-pole side relay 430 and the second-
ary negative-pole side relay 440 is controlled by an open/
close command signal outputted from the charge control
unit 540. The open/close of the secondary positive-pole
side relay 430 and the secondary negative-pole side re-
lay 440 may also be controlled by an open/close com-
mand signal outputted from another control device, e.g.,
the vehicle control unit 80 or the control device for the
battery 100.

[0061] As having been described above, in the EV
1000, the electrical connections among the battery 100,
the inverter device 300, and the charger 500 are control-
led by providing the primary positive-pole side relay 410,
the primary negative-pole side relay 420, the secondary
positive-pole side relay 430, and the secondary negative-
pole side relay 440 among the battery 100, the inverter
device 300, and the charger 500. This feature makes it
possible to ensure implementation of the high safety for
the high-voltage motor-driving system.

[0062] Incidentally, in the EV 1000 illustrated in Fig.
13, the explanation has been given selecting, as its ex-
ample, the case where the motor-generator 200 and the
inverter device 300 are provided as the separated units.
The motor-generator 200 and the inverter device 300,
however, may also be provided as a single unit such that,
e.g., theinverter device 300 and the motor-generator 200
are integrated into the single unit by fixing the housing
of the inverter device 300 on the housing of the motor-
generator 200. When the motor-generator 200 and the
inverter device 300 are integrated into the single unit, it
becomes easier to perform piping work for circulating a
cooling medium for cooling the motor-generator 200 and
the inverter device 300. This makes it possible to config-
ure the cooling-medium circulation system easily.
[0063] Next, the explanation will be given below con-
cerning the thermodynamic cycle system set up on the
EV 1000.

[0064] The air-conditioning system using a heat-trans-
ferring-type refrigeration cycle system, which is referred
toas "heat pump", is set up onthe EV 1000. In the cooling
operation using the refrigeration cycle system, first, a re-
frigerant, i.e., a working medium, is transformed into a
high-temperature and high-pressure gas by using a com-
pressor. Then, this high-temperature and high-pressure
gas-state refrigerant is liberated out into the outdoor air
by using an outdoor-provided heat exchanger, thereby
being condensed and thus being formed into a high-pres-
sure liquid-state refrigerant. Next, this high-pressure lig-
uid-state refrigerant is transformed into a low-tempera-
ture and low-pressure two-layer-state (i.e., liquid and
gas) refrigerant by using a pressure reducer (i.e., expan-
sion valve). Finally, the indoor heat is absorbed (the re-
frigerant becomes gaseous) via an indoor-provided heat
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exchanger. This process cools the indoor air. Meanwhile,
in the heating operation using the refrigeration cycle sys-
tem, the operations of the indoor and outdoor heat ex-
changers are made inverse to the case of the cooling
operation, thereby liberating the heat into the room via
the indoor-provided heat exchanger. This process heats
the indoor air.

[0065] Also, a temperature-adjusting system (cooling
system) for cooling the heat-liberation components, such
as the battery, the motor-generator, and the inverter de-
vice, is set up on the EV 1000. In the temperature-ad-
justing system for cooling the heat-liberation compo-
nents, the heat-liberation components are cooled by cir-
culating a cooling liquid (water or antifreeze solution),
i.e., a heat-transferring medium, through the heat-liber-
ation components with the use of a pump. After the cool-
ing, the heat of the heat-liberation components collected
into the cooling liquid is liberated out into the atmosphere
via the heat exchangers.

[0066] An energy source becomes necessary in order
to work the thermodynamic cycle system which includes
the air-conditioning system and the temperature-adjust-
ing system. In particular, in the EV, the thermodynamic
cycle system works in such a manner that the electric
energy stored in the battery is fed to the thermodynamic
cycle system. Namely, the battery, i.e., the driving power-
supply for the motor-generator, is used as the energy
source for the system. On account of this condition, in
the EV, the electric energy stored in the battery is con-
sumed by the thermodynamic cycle system. What is
more, its consumption ratio is comparatively higher than
the other loads.

[0067] On the other hand, the influence exerted on the
Earth’s environment by the EV is smaller than a hybrid
electric vehicle (which, hereinafter, will be described as
"HEV") (strictly speaking, the influence is equal to zero).
As aresult, significant attention has been focused on the
EV.

[0068] Inthe EV, however, the possible travel distance
on a one-battery-charge basis is short. What is more,
building of infrastructure facilities such as the charge sta-
tions has delayed. Accordingly, the diffusion rate of the
EV is lower than that of the HEV. Also, the EV requires,
for traveling a desired cruising distance, an electric en-
ergy which is higher than the electric energy stored into
the battery of the HEV. Consequently, the battery capac-
ity of the EV becomes larger than that of the HEV. On
account of this condition, the battery cost of the EV be-
comes higher than that of the HEV, and the vehicle price
of the EV becomes higher than that of the HEV. As a
result, the diffusion rate of the EV is lower than that of
the HEV.

[0069] Heightening the diffusion rate of the EV makes
it necessary to extend the EV’s traveling distance on a
one-battery-charge basis. Then, extending the EV’s
traveling distance on a one-battery-charge basis makes
it necessary to suppress the consumption of the electric
energy stored in the battery other than the consumption
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thereof for the motor-generator driving.

[0070] Each of the heat-liberation components, such
as the battery, the motor-generator, and the inverter de-
vice, is cooled via a process where a cooling medium
collects the heat liberated therefrom. This cooling proc-
ess adjusts the temperature of each heat-liberation com-
ponent into a tolerable temperature range. Also, the out-
put of each heat-liberation component changes in an in-
stantaneous manner due to a variation in the load. Then,
in accompaniment with this change in the output, the
heat-liberation amount of each component changes. In
order to operate each heat-liberation component with a
high efficiency, it is preferable to always maintain the
temperature of each heat-liberation component at an ap-
propriate temperature by changing the cooling capability
of each heat-liberation component in correspondence
with the change in the heat-liberation amount (i.e., tem-
perature) of each heat-liberation component. In order to
change the cooling capability of each heat-liberation
component, it is conceivable to make the temperature of
the cooling medium variable by changing flow velocity of
the cooling medium or wind amount of the air, and chang-
ing the heat-exchange amount between the air and the
cooling medium.

[0071] Meanwhile, heightening the diffusion rate of the
EV makes it necessary to accomplish the low-cost im-
plementation of each of the heat-liberation components,
such as the battery, the motor-generator, and the inverter
device, and thereby to lower the vehicle price of the EV
down to a vehicle price which is equivalent to that of the
HEV. Then, accomplishing the low-cost implementation
of each heat-liberation component makes it necessary
to accomplish the small-size and high-output implemen-
tation of each heat-liberation component. Actually, how-
ever, accomplishing the small-size and high-output im-
plementation of each heat-liberation component gives
rise to an increase in the heat-liberation amount (i.e.,
temperature) of each heat-liberation component. This in-
crease in the heat-liberation amount makes it necessary
to increase the cooling capability of each heat-liberation
component.

[0072] In the heat exchange between the air and the
cooling medium, however, the temperature of the cooling
medium cannot be lowered down to a temperature which
is lower than the temperature of the ambient air. As a
result, if, e.g., at the high-temperature time in summer,
the heat-liberation amount (i.e., temperature) of each
heat-liberation component has increased, it becomes in-
creasingly difficult to permit the temperature of each heat-
liberation component to come closer to the appropriate
temperature, at which each heat-liberation component
can operate with a high efficiency. These circumstances
require that the cooling capability of each heat-liberation
component can be made variable without being influ-
enced by the peripheral environment’s state. Also, at the
low-temperature time in winter, these circumstances re-
quire that the temperature of each heat-liberation com-
ponent can be adjusted into the appropriate temperature
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at which each heat-liberation component can operate
with a high efficiency, i.e., each heat-liberation compo-
nent can be heated.

[0073] The problems described above can be solved
by making effective use of the thermal energy inside the
thermodynamic cycle system of the EV, and implement-
ing the indoor air conditioning and the temperature ad-
justment of each heat-liberation component.

[0074] Accordingly, in embodiments which will be ex-
plained hereinafter, there is provided a thermodynamic
cycle system of the EV, including a thermodynamic cycle
circuit which is separated into a primary-side thermody-
namic cycle circuit for performing heat exchange with an
outdoor side, and a secondary-side thermodynamic cy-
cle circuit for performing heat exchange with an indoor
side and a heat-liberation component side, wherein the
primary-side thermodynamic cycle circuit is constituted
with a refrigeration cycle system, the secondary-side
thermodynamic cycle circuit being constituted with two
heat-transferring systems through which heat-transfer-
ring media flow independently of each other, intermediate
heat exchangers 6a and 6b being provided between the
refrigeration cycle system and the respective two heat-
transferring systems, so that a refrigerant of the refriger-
ation cycle system and the heat-transferring media of the
respective two heat-transferring systems can perform the
heat exchange with each other, anindoor heatexchanger
5a being further provided in the heat-transferring system
for performing the heat exchange with the heat-liberation
component side, so that the heat-transferring medium of
the heat-transferring system for performing the heat ex-
change with the heat-liberation component side, and air
which is taken into the indoor side can perform the heat
exchange with each other.

[0075] According to the embodiments which will be ex-
plained hereinafter, the thermal energy that is obtained
by the temperature adjustment of each heat-liberation
component is utilized for the indoor air conditioning. This
feature makes it possible to accomplish the minimization
of the energy needed for the indoor air conditioning,
thereby allowing the accomplishment of the energy-sav-
ing implementation of the indoor air conditioning. What
is more, according to the embodiments which will be ex-
plained hereinafter, the thermal energy obtained by the
temperature adjustment of each heat-liberation compo-
nentis directly utilized for the indoor air conditioning. This
feature allows the enhancement in the energy-saving ef-
fecton the indoor air conditioning. Consequently, accord-
ing to the embodiments which will be explained herein-
after, it becomes possible to suppress the energy that is
taken out by the air-conditioning system from the energy
source for each heat-liberation component.

[0076] The thermodynamic cycle system described
above is preferable when extending the traveling dis-
tance of the EV 1000 on a one-battery-charge basis of
the battery 100. Also, if the traveling distance of the EV
1000 on a one-battery-charge basis of the battery 100 is
basically the same as conventionally, the thermodynamic
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cycle system described above is preferable when less-
ening the capacity of the battery 100. Being successful
in lessening the capacity of the battery 100 allows ac-
complishment of the low-cost implementation, preva-
lence promotion, and light-weight implementation of the
EV 1000.

[0077] Also, according to the embodiments which will
be explained hereinafter, the thermal energy that is used
for the indoor air conditioning is utilized for the tempera-
ture adjustment of each heat-liberation component. This
feature makes it possible to make a wide-range adjust-
ment of the temperature of the heat-transferring media
for adjusting the temperature of each heat-liberation
component. This wide-range adjustment allows the tem-
perature of each heat-liberation component to be made
variable without being influenced by the peripheral envi-
ronment’s state. Consequently, according to the embod-
iments which will be explained hereinafter, it becomes
possible to adjust the temperature of each heat-liberation
component into an appropriate temperature at which
each heat-liberation component can operate with a high
efficiency. This feature permits each heat-liberation com-
ponent to operate with the high efficiency.

[0078] The thermodynamic cycle system described
above is preferable in accomplishing the low-cost imple-
mentation of the EV 1000. Being successful in accom-
plishing the low-cost implementation of the EV 1000 al-
lows accomplishment of the prevalence of the EV 1000.
[0079] Incidentally, in addition to the above-described
problems, configurations, and methods, there exist other
problems to be solved and other configurations and
methods for solving these problems. These other prob-
lems, configurations, and methods, however, will be ex-
plained in the following embodiments.

[0080] Hereinafter, referring to the drawings, the de-
tailed description will be given below concerning embod-
iments of the thermodynamic cycle system set up on the
EV 1000.

(1st Embodiment)

[0081] Referring to Fig. 1 through Fig. 8, the explana-
tion will be given below regarding a first embodiment of
the thermodynamic cycle system set up on the EV 1000.
[0082] Fig. 1 through Fig. 8 illustrate the configuration
of the thermodynamic cycle system set up on the EV
1000.

[0083] Incidentally, Fig. 2 illustrates, with the solid line,
a refrigerant pipe 12 (i.e., primary-side thermodynamic
cycle circuit) through which a refrigerant such as HFC-
134a flows. Also, Fig. 2 illustrates, with the dotted lines,
heat-transferring medium pipes 13a and 13b (i.e., sec-
ondary-side thermodynamic cycle circuit) through which
liquid-state cooling agents (i.e., heat-transferring media)
such as water or antifreeze solution flow.

[0084] The thermodynamic cycle system set up on the
EV 1000 includes a thermodynamic cycle circuit. As il-
lustrated in Fig. 1 and Fig. 2, this thermodynamic cycle
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circuit is separated into the primary-side thermodynamic
cycle circuit for performing heat exchange with an out-
door side, and the secondary-side thermodynamic cycle
circuit for performing heat exchange with an indoor side
and a heat-liberation component side. Here, the primary-
side thermodynamic cycle circuit is constituted with a re-
frigeration cycle system, and the secondary-side thermo-
dynamic cycle circuit is constituted with a first heat-trans-
ferring system and a second heat-transferring system
through which the cooling liquids flow independently of
each other.

[0085] The refrigeration cycle system and the first
heat-transferring system constitute a temperature-ad-
justing system. This temperature-adjusting system is
used for performing the temperature adjustment of the
heat-liberation components, such as the battery 100, the
motor-generator 200, and the inverter device 300, and
the indoor air conditioning. The intermediate heat ex-
changer 6a for performing the heat exchange between
the refrigerant of the refrigeration cycle system and the
cooling liquid of the first heat-transferring system is pro-
vided between the refrigeration cycle system and the first
heat-transferring system. The refrigeration cycle system
and the second heat-transferring system constitute an
air-conditioning system which is used for the indoor air
conditioning. The intermediate heat exchanger 6b for
performing the heat exchange between the refrigerant of
the refrigeration cycle system and the cooling liquid of
the second heat-transferring system s provided between
the refrigeration cycle system and the second heat-trans-
ferring system.

[0086] Incidentally, in some cases, the definition of the
heat-liberation components also includes a power con-
version device other than the inverter device 300. An
example of such a power conversion device is a compo-
nent of another motor-driving system, e.g., a DC-DC con-
verter.

[0087] Also, the motor-generator 200 and the inverter
device 300 may be heated and cooled in parallel to each
other, or may be heated and cooled in series with each
other. In the case of the in-series heating and cooling, it
is preferable to deploy the motor-generator 200 and the
inverter device 300 with reference to the piping channels
so that the motor-generator 200 is cooled after the in-
verter device 300 has been cooled.

[0088] The refrigeration cycle system is one of the
heat-transferring-type thermodynamic cycle systems re-
ferred to as "heat pump". As illustrated in Fig. 1 and Fig.
2, the refrigeration cycle system is constituted with the
primary loop channel along which the refrigerant pipe 12
is installed in a loop-like manner. Here, the refrigerant
flows through the refrigerant pipe. Components which
are deployed on the primary loop channel constituted
with the refrigerant pipe 12 are as follows: A compressor
1, a four-way valve 2, an outdoor heat exchanger 4, a
pressure reducer 3b, the intermediate heat exchanger
6b, a pressure reducer 3a, and the intermediate heat
exchanger 6a. A fan 8a is mounted onto the outdoor heat



21 EP 2 305 494 A1 22

exchanger 4. On the primary loop channel, switching the
four-way valve 2 allows the configuration of the following
two channels: A channel along which the refrigerant cir-
culates in a sequence of the compressor 1, the four-way
valve 2, the outdoor heat exchanger 4, the pressure re-
ducer 3b, the intermediate heat exchanger 6b, the pres-
sure reducer 3a, the intermediate heat exchanger 6a, the
four-way valve 2, and the compressor 1; and a channel
along which the refrigerant circulates in a sequence of
the compressor 1, the four-way valve 2, the intermediate
heat exchanger 6a, the pressure reducer 3a, the inter-
mediate heat exchanger 6b, the pressure reducer 3b, the
outdoor heat exchanger 4, the four-way valve 2, and the
compressor 1.

[0089] The compressor 1 is an electric-operated fluid
appliance for forming the refrigerant into a high-temper-
ature and high-pressure gas-state medium by the com-
pression. The four-way valve 2 is a switcher for switching
the flow direction of the refrigerant that is absorbed into
the compressor 1 and is ejected therefrom. The four-way
valve 2 switches the flow of the refrigerant between the
following two directions: A direction in which the refrig-
erant is absorbed into the compressor 1 from the side of
the intermediate heat exchanger 6a, and is ejected onto
the side of the outdoor heat exchanger 4; and a direction
in which the refrigerant is absorbed into the compressor
1 from the side of the outdoor heat exchanger 4, and is
ejected onto the side of the intermediate heat exchanger
6a. The outdoor heat exchanger 4 is a heat-transferring
appliance for transferring heat from the high-temperature
side medium to the low-temperature side medium be-
tween the air sent by the fan 8a and the refrigerant. The
pressure reducers 3a and 3b are expansion valves (throt-
tle valves) for adjusting the temperature and pressure of
the refrigerant by reducing the pressure of the refrigerant
and expanding the refrigerant on the basis of the open-
degree adjustment of the valve units. The intermediate
heat exchanger 6a is a heat-transferring appliance for
transferring heat from the high-temperature side medium
to the low-temperature side medium between the cooling
liquid circulating through the first heat-transferring sys-
temandthe refrigerant. The intermediate heat exchanger
6a plays a role of an evaporator. The intermediate heat
exchanger 6b is a heat-transferring appliance for trans-
ferring heat from the high-temperature side medium to
the low-temperature side medium between the cooling
liquid circulating through the second heat-transferring
system and the refrigerant. The intermediate heat ex-
changer 6b plays a role of an evaporator.

[0090] The first heat-transferring system is a thermo-
dynamic cycle system for making the temperature ad-
justment (i.e., cooling and heating) of the heat-liberation
components, such as the battery 100, the motor-gener-
ator 200, and the inverter device 300, by circulating the
liquid-state heat-transferring medium such as water or
antifreeze solution. As illustrated in Fig. 1 and Fig. 2, the
first heat-transferring system is constituted with the sec-
ondary loop channel along which the heat-transferring
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medium pipe 13ais installed in a loop-like manner. Here,
the cooling liquid flows through the heat-transferring me-
dium pipe 13a. Components which are deployed on the
secondary loop channel constituted with the heat-trans-
ferring medium pipe 13a are as follows: The indoor heat
exchanger 5a, the above-described heat-liberation com-
ponents (such as the battery 100, the motor-generator
200, and the inverter device 300), a pump 7a, the inter-
mediate heat exchanger 6a, and three-way valves 9a
and 9b. Also, components which are further deployed on
the secondary loop channel constituted with the heat-
transferring medium pipe 13a are as follows: A bypass
pipe 13c for permitting the cooling liquid to flow through
the pipe 13a in a manner of bypassing the indoor heat
exchanger 5a, and a bypass pipe 13d for permitting the
cooling liquid to flow through the pipe 13a in a manner
of bypassing the battery 100.

[0091] The second heat-transferring system is a ther-
modynamic cycle system for adjusting the state (such as
the temperature and humidity) of the air inside the room
by circulating the liquid-state heat-transferring medium
such as water or antifreeze solution. As illustrated in Fig.
1 and Fig. 2, the second heat-transferring system is con-
stituted with the secondary loop channel along which the
heat-transferring medium pipe 13b is installed in a loop-
like manner. Here, the cooling liquid flows through the
heat-transferring medium pipe 13b. An indoor heat ex-
changer 5b, a pump 7b, and the intermediate heat ex-
changer 6b are deployed on the secondary loop channel
constituted with the heat-transferring medium pipe 13b.
[0092] The indoor heat exchanger 5a is a heat-trans-
ferring appliance for transferring the heat from the high-
temperature side medium to the low-temperature side
medium between the cooling liquid circulating through
the heat-transferring medium pipe 13a and the air inside
the room (i.e., indoor air) or the air taken from the outside
(i.e., outdoor air). The indoor heat exchanger 5bis a heat-
transferring appliance for transferring the heat from the
high-temperature side medium to the low-temperature
side medium between the cooling liquid circulating
through the heat-transferring medium pipe 13b and the
air inside the room (i.e., indoor air) or the air taken from
the outside (i.e., outdoor air).

[0093] The pump 7a is a fluid appliance for circulating
the cooling liquid inside the heat-transferring medium
pipe 13a. The pump 7b is a fluid appliance for circulating
the cooling liquid inside the heat-transferring medium
pipe 13b.

[0094] The three-way valve 9ais a switcher for switch-
ing the flow-through channel of the cooling liquid on the
basis of the switching of the valve unit. The valve 9a
switches the channel between a channel for causing the
cooling liquid to flow therethrough via the battery 100,
and a channel for causing the cooling liquid to flow there-
through via the bypass pipe 13d. The three-way valve 9b
is a switcher for switching the flow-through channel of
the cooling liquid on the basis of the switching of the valve
unit. The valve 9b switches the channel between a chan-
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nel for causing the cooling liquid to flow therethrough via
the indoor heat exchanger 5a, and a channel for causing
the cooling liquid to flow therethrough via the bypass pipe
13c.

[0095] Afan8bisprovided onthe exit side of the indoor
heat exchanger 5a and the indoor heat exchanger 5b.
Activating the fan 8b causes the indoor air or the outdoor
air to be absorbed thereby. As illustrated in Fig. 2, this
process causes the indoor air or the outdoor air to flow
in from a direction of the arrow "intake", and to pass
through the indoor heat exchanger 5a and the indoor
heat exchanger 5b in a sequence of the indoor heat ex-
changer 5b and the indoor heat exchanger 5a, and then
to flow out into a direction of the arrow "outlet". At this
time, the indoor air or the outdoor air is heat-exchanged
with the cooling liquid, thereby being adjusted into a pre-
determined temperature (including dehumidification). Af-
ter that, the indoor air or the outdoor air is sent into the
room by the fan 8b.

[0096] AsillustratedinFig. 1, acontroller 15is provided
in the thermodynamic cycle system. The controller 15
sets values such as the temperature and pressure of the
refrigerant and the flow amount or flow velocity of each
cooling liquid. This setting is performed based on plural
pieces of inputted information including temperature
measurement information on each heat-liberation com-
ponent obtained from a temperature sensor (whose illus-
tration is omitted) included in each heat-liberation com-
ponent, temperature measurement information on each
cooling liquid obtained from a temperature sensor
(whose illustration is omitted) included in each of the first
and second heat-transferring systems, indoor request
temperature which is manually set by the driver or auto-
matically set, and in-advance-set cooling threshold value
and heating threshold value for each heat-liberation com-
ponent. Simultaneously, based on these set values, the
controller 15 sets an instruction value for controlling the
activation of each component of the thermodynamic cy-
cle system. Moreover, the controller 15 outputs, to each
component, a signal corresponding to this instruction val-
ue, thereby controlling the activation of each component.
This process controls the states of the refrigerant and
each cooling liquid, thereby controlling the temperature
of each heat-liberation component and the indoor tem-
perature.

[0097] Next, referring to Fig. 3 through Fig. 8, the ex-
planation will be given below concerning the operation
of the thermodynamic cycle system in the present em-
bodiment.

[0098] First, referring to Fig. 3, the explanation will be
given below regarding the operation of the thermodynam-
ic cycle system at the time of its cooling operation.
[0099] Asiillustrated in Fig. 3, during the cooling oper-
ation, the four-way valve 2 causes the refrigerant flowing
through the refrigerant pipe 12 to flow therethrough in
the direction in which the refrigerant is absorbed into the
compressor 1 from the side of the intermediate heat ex-
changer 6a, and is ejected onto the side of the outdoor
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heat exchanger 4. In the cooling operation, first, the re-
frigerant is compressed in the compressor 1, thereby be-
ing formed into a high-temperature and high-pressure
gas-state medium. After that, the refrigerant is heat-ex-
changed (i.e., its heat is liberated out into the air) in the
outdoor heat exchanger 4, thereby being condensed and
thus being formed into a high-pressure liquid-state me-
dium. After that, the refrigerant is pressure-reduced in
the pressure reducer 3b, thereby being formed into a low-
temperature and low-pressure refrigerant (i.e., two-layer
refrigerant of liquid state and gas state). After that, the
refrigerant is heat-exchanged in the intermediate heat
exchanger 6b with the cooling liquid flowing through the
heat-transferring medium pipe 13b. After that, the refrig-
erant passes through the pressure reducer 3a in its full-
open state, then being heat-exchanged in the intermedi-
ate heat exchanger 6a with the cooling liquid flowing
through the heat-transferring medium pipe 13a. After
that, the refrigerant flows through the compressor 1 again
via the four-way valve 2, thereby being compressed
again. Then, the refrigerant repeats the series of cycles
described above.

[0100] The cooling liquid flowing through the heat-
transferring medium pipe 13b is pressured and sent by
the pump 7b, thereby circulating through the heat-trans-
ferring medium pipe 13b. The cooling liquid pressured
and sent by the pump 7b is, first, heat-exchanged with
the refrigerant in the intermediate heat exchanger 6b,
thereby being cooled. After that, the cooling liquid is heat-
exchanged in the indoor heat exchanger 5b with the in-
door air or the outdoor air sentinto the room. This process
causes the heat of the indoor air or the outdoor air to be
absorbed by the cooling liquid, thereby cooling the indoor
air or the outdoor air. Then, the indoor air or outdoor air
cooled is sentinto the room by the fan 8b, thereby cooling
the indoor side. After that, the cooling liquid flows through
the intermediate heat exchanger 6b again. Then, the
cooling liquid repeats the series of cycles described
above.

[0101] The cooling liquid flowing through the heat-
transferring medium pipe 13a is pressured and sent by
the pump 7a, thereby circulating through the heat-trans-
ferring medium pipe 13a. The cooling liquid pressured
and sent by the pump 7a is, first, heat-exchanged with
the refrigerant in the intermediate heat exchanger 6a,
thereby being cooled. After that, the three-way valve 9b
controls the flow-through direction of the cooling liquid.
Namely, the cooling liquid is caused to flow through the
bypass pipe 13c, i.e., the cooling liquid flows there-
through in a manner of bypassing the indoor heat ex-
changer 5a. After that, the cooling liquid flows through
the side of the battery 100. Here, if the temperature of
the battery 100 falls in a tolerable temperature range, the
three-way valve 9a controls the flow-through direction of
the cooling liquid. Namely, the cooling liquid is caused
to flow through the bypass pipe 13d, i.e., the cooling liquid
flows therethrough in a manner of bypassing the battery
100. Moreover, if the temperature of the battery 100 is
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higher than an upper-limit value of the tolerable temper-
ature range, the three-way valve 9a controls the flow-
through direction of the cooling liquid. Namely, the cool-
ing liquid is caused to flow through the battery 100, there-
by cooling the battery 100. After that, the cooling liquid
flows through the motor-generator 200 and the inverter
device 300, thereby cooling the motor-generator 200 and
the inverter device 300. After that, the cooling liquid flows
through the intermediate heat exchanger 6a again. Then,
the cooling liquid repeats the series of cycles described
above.

[0102] As described above, the refrigerant has been
heat-exchanged with the cooling liquid in the intermedi-
ate heat exchangers 6a and 6b. Then, finally, the refrig-
erant causes the heat received from the cooling liquid to
be liberated out into the atmosphere by the heat ex-
change with the outdoor airin the outdoor heat exchanger
4.

[0103] Inthe presentembodiment, the activation of the
refrigeration cycle system and the second heat-transfer-
ring system allows implementation of the indoor cooling.
Also, in the present embodiment, the activation of the
refrigeration cycle system and the first heat-transferring
system cools each heat-liberation component, thereby
making it possible to adjust the temperature of each heat-
liberation component into an appropriate temperature at
which each heat-liberation component can operate with
a high efficiency. At this time, in the present embodiment,
the cooling liquid of the first heat-transferring system is
cooled using the thermal energy of the refrigerant of the
refrigeration cycle system. This feature allows the tem-
perature of the cooling liquid of the first heat-transferring
system to be adjusted into a temperature in response to
the heat-liberation amount (i.e., temperature) of each
heat-liberation component without being influenced by
the outdoor environment (i.e., temperature of the air).
Accordingly, in the present embodiment, even if the heat-
liberation amount (i.e., temperature) of each heat-liber-
ation component has increased in accompaniment with
the small-size and high-output implementation of each
heat-liberation component, the temperature of the cool-
ing liquid of the first heat-transferring system can be ad-
justed in response to this increase in the heat-liberation
amount. This feature allows the temperature of each
heat-liberation component to be adjusted into the appro-
priate temperature at which each heat-liberation compo-
nent can operate with a high efficiency, thereby making
it possible to activate each heat-liberation component
with a high efficiency,

[0104] Next, referring to Fig. 4, the explanation will be
given below concerning the operation of the thermody-
namic cycle system at the time of its heating operation
and at the time of the steady state of the EV 1000.
[0105] Here, the steady state refers to a state where
the activation of the motor-driving system (i.e., the battery
100, the motor-generator 200, and the inverter device
300) causes the EV 1000 to operate, and where the cool-
ing of the battery 100, the motor-generator 200, and the
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inverter device 300 is necessary.

[0106] In the state illustrated in Fig. 4, only the first
heat-transferring system is activated. Simultaneously,
the motor-generator 200 and the inverter device 300, and
the battery 100 if necessary, are cooled using the cooling
liquid flowing through the heat-transferring medium pipe
13a. Inthis case, the cooling liquid, after being pressured
and sent by the pump 7a, flows through the intermediate
heat exchanger 6a. The cooling liquid, however, passes
through the intermediate heat exchanger 6a without be-
ing heat-exchanged with the refrigerant. This is because
the refrigeration cycle system does not operate. After
that, the three-way valve 9b controls the flow-through
direction of the cooling liquid. Namely, the cooling liquid
is caused to flow through the indoor heat exchanger 5a.
In the indoor heat exchanger 5a, the indoor air or outdoor
air sent into the room and the cooling liquid are heat-
exchanged with each other. The indoor air or outdoor air
is heated by this heat exchange, then being sent into the
room by the fan 8b. This process heats the indoor side.
The heat-exchange amount in the indoor heat exchanger
5a can be adjusted by changing the flow velocity of the
pump 7a. After that, the cooling liquid flows through the
side of the battery 100. Here, if the temperature of the
battery 100 falls in a tolerable temperature range, the
three-way valve 9a controls the flow-through direction of
the cooling liquid. Namely, the cooling liquid is caused
to flow through the bypass pipe 13d, i.e., the cooling liquid
flows therethrough in a manner of bypassing the battery
100. Moreover, if the temperature of the battery 100 is
higher than the upper-limit value of the tolerable temper-
ature range, the three-way valve 9a controls the flow-
through direction of the cooling liquid. Namely, the cool-
ing liquid is caused to flow through the battery 100, there-
by cooling the battery 100. After that, the cooling liquid
flows through the motor-generator 200 and the inverter
device 300, thereby cooling the motor-generator 200 and
the inverter device 300. After that, the cooling liquid pass-
es through the intermediate heat exchanger 6a again in
the manner of being not heat-exchanged with the refrig-
erant. Then, the cooling liquid repeats the series of cycles
described above.

[0107] In the present embodiment, the heat-liberation
components are cooled by the activation of the first heat-
transferring system. This feature makes it possible to ad-
just the temperature of each heat-liberation component
into an appropriate temperature at which each heat-lib-
eration component can operate with a high efficiency.
What is more, in the present embodiment, the indoor side
can be heated using the heat that is collected from the
heat-liberation components. At this time, the refrigeration
cycle system and the second heat-transferring system
are in their halt states. This condition allows the indoor
side to be heated without activating the refrigeration cycle
system and the second heat-transferring system by tak-
ing advantage of the heat collected from the heat-liber-
ation components. This feature makes it possible to ac-
complish the minimization of the energy needed for the
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indoor air conditioning, thereby allowing the accomplish-
ment of the energy-saving implementation of the indoor
air conditioning. What is more, in the present embodi-
ment, the heat collected from the heat-liberation compo-
nents can be liberated directly into the air that is taken
into the indoor side. This feature makes it possible to
minimize a loss due to the thermal-energy conversion,
thereby allowing the enhancement in the energy-saving
effect. Consequently, in the present embodiment, it be-
comes possible to suppress the electric energy that is
taken out from the battery 100 by the indoor air condi-
tioning.

[0108] Incidentally, the inventors at al. of the present
invention has made a driving experiment (at maximum
speed: 80 km/hour) of the EV 1000, on which the ther-
modynamic cycle system of the present embodiment is
set up, along a test course which simulates an ordinary
road. In this way, the inventor at al. has made a confir-
mation as to whether or not the exhaust heat from the
motor-generator 200 and the inverter device 300 makes
it possible to heat the indoor side of the EV 1000. As a
result, the heat-liberation amount of the motor-generator
200 and the inverter device 300 has become equal to
300 to 500 watt. This means an acquisition of the confir-
mation that the exhaust heat from the motor-generator
200 and the inverter device 300 makes it possible to heat
the indoor side of the EV 1000.

[0109] Next, referring to Fig. 5, the explanation will be
given below regarding the operation of the thermodynam-
ic cycle system at the time of its heating operation and
at the time of the cold-start of the EV 1000.

[0110] Here, the time of the cold-start of the EV 1000
refers to the so-called cold-start time, at which the EV
1000 is driven by starting the battery 100, the motor-gen-
erator 200, and the inverter device 300 under a condition
of being maintained in their refrigeration-device states.
[0111] In general, the occasion when the heating is
used is a one when the outdoor temperature is low, such
as winter season. In this way, when the EV 1000 is in a
state of making the cold-start under an environment
where the outdoor temperature is low, the cooling liquid
flowing through the heat-transferring medium pipe 13a
is in its cooled state.

[0112] Accordingly, the heat of the cooling liquid flow-
ing through the heat-transferring medium pipe 13a can-
not be immediately used for heating the indoor side.
Then, in the present embodiment, the refrigerant of the
refrigeration cycle system is caused to flow through in a
direction opposite to the direction at the time of the cool-
ing operation. In this way, the heat, which is liberated into
the atmosphere by the outdoor heat exchanger 4 at the
time of the cooling operation, is liberated into the indoor
side at the time of the cold-start of the EV 1000, thereby
heating the indoor side. At this time, the temperatures of
the heat-liberation components, such as the battery 100,
the motor-generator 200, and the inverter device 300,
are low, and the temperature of the cooling liquid flowing
through the heat-transferring medium pipe 13a is also
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low. On account of this situation, the circulation of the
cooling liquid flowing through the heat-transferring me-
dium pipe 13a is not performed.

[0113] As illustrated in Fig. 5, the four-way valve 2
causes therefrigerant flowing through the refrigerant pipe
12 to flow therethrough in the direction in which the re-
frigerant is absorbed into the compressor 1 from the side
of the outdoor heat exchanger 4, and is ejected onto the
side of the intermediate heat exchanger 6a. The refrig-
erant, first, is compressed in the compressor 1, thereby
being formed into a high-temperature and high-pressure
gas-state medium. After that, the refrigerant flows
through the intermediate heat exchanger 6a. The refrig-
erant, however, passes through the intermediate heat
exchanger 6a without being heat-exchanged. This is be-
cause the first heat-transferring system does not operate.
Then, the refrigerant passes through the pressure reduc-
er 3ainits full-open state as well. After that, the refrigerant
passes through the intermediate heat exchanger 6b,
thereby being heat-exchanged with the cooling liquid
flowing through the heat-transferring medium pipe 13b.
After that, the refrigerant is pressure-reduced in the pres-
sure reducer 3b. After that, the refrigerant is heat-ex-
changed in the outdoor heat exchanger 4, thereby ab-
sorbing the heat in the air. After that, the refrigerant flows
through the compressor 1 again via the four-way valve
2, thereby being compressed again. Then, the refrigerant
repeats the series of cycles described above.

[0114] After the operation illustrated in Fig. 2 has con-
tinued for a while, if the temperatures of the heat-libera-
tion components, such as the battery 100, the motor-
generator 200, and the inverter device 300, are caused
to rise by the activation of the heat-liberation compo-
nents, the operation is switched into the heating opera-
tion illustrated in Fig. 4.

[0115] Also, in an area where the outdoor temperature
becomes lower than 0 °C in winter season, the temper-
atures of the heat-liberation components, such as the
battery 100, the motor-generator 200, and the inverter
device 300, become extremely low in some cases. In a
case like this, the heat-liberation components such as
the battery 100, the motor-generator 200, and the inverter
device 300, and the battery 100 in particular, are heated
before the start of the EV 1000. This heating makes it
possible to adjust the temperature of each heat-liberation
component into an appropriate temperature at which
each heat-liberation component can operate with a high
efficiency. In this case, a start-initiating time is set into a
start-time setting system in advance. Then, before a pre-
determined time with reference to the start-initiating time
set, the refrigeration cycle system and the first heat-trans-
ferring system are activated in basically the same way
as the time of the heating operation illustrated in Fig. 5.
In this way, in the intermediate heat exchanger 6a, the
refrigerant flowing through the refrigerant pipe 12 and
the cooling liquid flowing through the heat-transferring
medium pipe 13a are heat-exchanged with each other.
This process warms the cooling liquid flowing through
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the heat-transferring medium pipe 13a. After that, the
cooling liquid warmed flows through the three-way valve
9b, the bypass pipe 13c, the three-way valve 9a, the bat-
tery 100, the motor-generator 200, and the inverter de-
vice 300 in this sequence. This process warms the heat-
liberation components, such as the battery 100, the mo-
tor-generator 200, and the inverter device 300, and the
battery 100 in particular (whose input/output character-
istics are deteriorated by the low temperature). As aresult
of this warming, the temperature of each heat-liberation
component becomes equal to the appropriate tempera-
ture at which each heat-liberation component can oper-
ate with a high efficiency.

[0116] Inthe presentembodiment, the activation of the
refrigeration cycle system and the second heat-transfer-
ring system allows implementation of the indoor heating.
Also, in the present embodiment, as soon as the temper-
atures of the heat-liberation components rise, the oper-
ation can be switched into the heating operation based
on the activation of the first heat-transferring system. This
feature allows the activation of the refrigeration cycle sys-
tem and the second heat-transferring system to be sup-
pressed down to its minimum without lowering the heat-
ing capability, thereby making it possible to accomplish
the minimization of the energy needed for the indoor air
conditioning. Accordingly, in the present embodiment, it
becomes possible to accomplish the energy-saving im-
plementation of the indoor air conditioning, thus making
it possible to suppress the electric energy that is taken
out from the battery 100 by the indoor air conditioning.
[0117] Also, inthe presentembodiment, whenthe tem-
peratures of the heat-liberation components are ex-
tremely low, the activation of the refrigeration cycle sys-
tem and the first heat-transferring system allows imple-
mentation of the heating of the heat-liberation compo-
nents. Consequently, in the present embodiment, even
when the outdoor temperature is extremely low, it be-
comes possible to adjust the temperature of each heat-
liberation component into the appropriate temperature at
which each heat-liberation component can operate with
a high efficiency. This feature makes it possible to acti-
vate each heat-liberation component with a high efficien-
cy from the very start of the EV 1000.

[0118] Next, referring to Fig. 6, the explanation will be
given below concerning the operation of the thermody-
namic cycle system at the time of its cooling-dehumidi-
fying operation.

[0119] The operation of the thermodynamic cycle sys-
tem at the time of its cooling-dehumidifying operation is
basically the same as the operation at the time of its cool-
ing operation illustrated in Fig. 3. Namely, in the interme-
diate heat exchanger 6b, the refrigerant flowing through
the refrigerant pipe 12 and the cooling liquid flowing
through the heat-transferring medium pipe 13b are heat-
exchanged with each other. This heat-exchange process
cools the cooling liquid flowing through the heat-trans-
ferring medium pipe 13b. After that, in the indoor heat
exchanger 5b, the cooling liquid flowing through the heat-
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transferring medium pipe 13b is heat-exchanged with the
air that is taken into the indoor side. The temperature of
the cooling liquid is adjusted in such a manner that the
temperature of the refrigerant flowing through the refrig-
erant pipe 12 is adjusted by the open-degree adjustment
of the pressure reducer 3b.

[0120] Here, the cooling-dehumidifying operation can
be implemented by executing the so-called fron-type
(otherwise, cooling-type or compressor-type) dehumidi-
fication. Here, in this dehumidification, the temperature
of the air taken into the indoor side is cooled down to a
temperature at which condensation of water vapor con-
tained in the intake air. For implementing this dehumid-
ification, at the time of the cooling-dehumidifying opera-
tion, the temperature of the refrigerant flowing through
the refrigerant pipe 12is adjusted by the pressure reducer
3b. This adjustment is made so that the temperature of
the cooling liquid flowing through the intermediate heat
exchanger 6b becomes equal to the above-described
temperature, which permits the moisture (i.e., humidity)
contained in the air taken into the indoor side to be con-
densed into the liquid water. Then, in the indoor heat
exchanger 5b, the cooling liquid, whose temperature is
adjusted in this way, is heat-exchanged with the air taken
into the indoor side. This heat-exchange process causes
the moisture (i.e., humidity) contained in the air taken
into the indoor side to be eliminated by the condensation
of the water vapor, thereby allowing the dried air to be
taken into the indoor side.

[0121] When executing the cooling-dehumidifying op-
eration, if the temperature of the air taken into the indoor
side is low, the air taken into the indoor side and the
cooling liquid flowing through the heat-transferring me-
dium pipe 13a are heat-exchanged with each other in the
indoor heat exchanger 5a. This heat-exchange process
heats the air taken into the indoor side, i.e., reheats the
air taken into the indoor side. Also, there is none of the
necessity for reheating the air taken into the indoor side,
the cooling liquid flowing through the heat-transferring
medium pipe 13a is caused to flow through the bypass
pipe 13c by the three-way valve 9b. By doing this, the
heat of the cooling liquid flowing through the heat-trans-
ferring medium pipe 13a transfers to the refrigerant flow-
ing through the refrigerant pipe 12, then being liberated
out into the outdoor air via the outdoor heat exchanger 4.
[0122] In the present embodiment, the opening of the
pressure reducer 3bis adjusted to cause the temperature
of the refrigerant flowing through the refrigerant pipe 12
to be into the temperature at which the moisture (i.e.,
humidity) contained in the air to be condensed into the
liquid water. This adjustment process causes the mois-
ture (i.e., humidity) contained in the air taken into the
indoor side to be condensed into the liquid water, thereby
making it possible to cool-dehumidify the indoor side. At
this time, the air taken into the indoor side and the cooling
liquid flowing through the heat-transferring medium pipe
13a are heat-exchanged with each other via the indoor
heat exchanger 5a, thereby making it possible to heat,
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i.e., repeat the air taken into the indoor side. This repeat-
ing process makes it possible to prevent the indoor side
from being cooled too much by the dehumidification.
[0123] Next, referring to Fig. 7 and Fig. 8, the expla-
nation will be given below regarding the operation of the
thermodynamic cycle system at the time of its heating-
dehumidifying operation.

[0124] Inthe heating-dehumidifying operation illustrat-
edin Fig. 7, the refrigerant flowing through the refrigerant
pipe 12 is circulated in the same direction as the one in
the cooling-dehumidifying operation illustrated in Fig. 6.
Namely, a high-temperature and high-pressure state re-
frigerant compressed by the compressor 1 is heat-ex-
changed in the outdoor heat exchanger 4. After that, the
refrigerant is pressure-reduced in the pressure reducer
3b, thereby being transformed into a low-temperature
and low-pressure refrigerant. Moreover, in the interme-
diate heat exchanger 6b, the refrigerant is heat-ex-
changed with the cooling liquid flowing through the heat-
transferring medium pipe 13b. After that, the refrigerant
flows through the full-open pressure reducer 3a. Further-
more, in the intermediate heat exchanger 6a, the refrig-
erant passes therethrough in a manner of being hardly
heat-exchanged with the cooling liquid flowing through
the heat-transferring medium pipe 13a. In addition, the
refrigerant flows through the compressor 1 again via the
four-way valve 2, thereby being compressed again.
Then, the refrigerant repeats the series of cycles de-
scribed above.

[0125] Intheintermediate heatexchanger 6b, the cool-
ing liquid flowing through the heat-transferring medium
pipe 13b is heat-exchanged with the refrigerant flowing
through the refrigerant pipe 12, thereby being cooled.
After that, in the indoor heat exchanger 5b, the cooling
liquid is heat-exchanged with the air that is taken into the
indoor side. This heat-exchange process cools the air
taken into the indoor side. The temperature of the cooling
liquid is adjusted in such a manner that the temperature
of the refrigerant flowing through the refrigerant pipe 12
is adjusted by the adjustment of the compression oper-
ation performed by the compressor 1.

[0126] Intheintermediate heat exchanger 6a, the cool-
ing liquid flowing through the heat-transferring medium
pipe 13a passes therethroughin a manner of being hardly
heat-exchanged. After that, the cooling liquid is caused
to flow through the indoor heat exchanger 5a by the three-
way valve 9b. In the indoor heat exchanger 5a, the cool-
ing liquid is heat-exchanged with the air that is taken into
the indoor side. This heat-exchange process heats the
air taken into the indoor side. After that, the cooling liquid
flows through the battery 100, the motor-generator 200,
and the inverter device 300 in this sequence. Incidentally,
the refrigerant flowing through the refrigerant pipe 12 is
heat-exchanged in the intermediate heat exchanger 6b,
which heightens the temperature of the refrigerant. As a
result, eventually, the refrigerant is hardly heat-ex-
changed in the intermediate heat exchanger 6a.

[0127] Here, as is the case with the cooling-dehumid-
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ifying operation, the heating-dehumidifying operation can
also be implemented by executing the fron-type dehu-
midification. Here, in this dehumidification, the tempera-
ture of the air taken into the indoor side is cooled down
to a temperature at which the moisture (i.e., humidity)
contained in the air is condensed into liquid water. For
implementing this dehumidification, at the time of the
heating-dehumidifying operation, the temperature of the
refrigerant flowing through the refrigerant pipe 12 is ad-
justed by the pressure reducer 3b. This adjustment is
made so that the temperature of the cooling liquid flowing
through the intermediate heat exchanger 6b becomes
equal to the above-described temperature, which permits
the moisture (i.e., humidity) contained in the air taken
into the indoor side to be condensed into the liquid water.
Then, in the indoor heat exchanger 5b, the cooling liquid,
whose temperature is adjusted in this way, is heat-ex-
changed with the air taken into the indoor side. This heat-
exchange process causes the moisture (i.e., humidity)
contained in the air taken into the indoor side to be elim-
inated by the condensation of the moisture into the liquid
water, thereby allowing the dried air to be taken into the
indoor side.

[0128] In the heating-dehumidifying operation, the
temperature of the air taken into the indoor side is low.
Accordingly, in the indoor heat exchanger 5a, the air tak-
en into the indoor side and the cooling liquid flowing
through the heat-transferring medium pipe 13a are heat-
exchanged with each other, thereby heating the air taken
into the indoor side. The execution of this process allows
the appropriate-temperature-warmed and dried air to be
taken into the indoor side. This can improve the amenity
in the indoor.

[0129] Also, in the present embodiment, the adjust-
ment of the open degree of the pressure reducer 3a,
which is provided between the intermediate heat ex-
changers 6a and 6b, allows implementation of a lowering
in the temperature of the cooling liquid which flows into
the intermediate heat exchanger 6a. This condition
makes it possible to cool the cooling liquid flowing through
the heat-transferring medium pipe 13a. Accordingly, it
becomes possible to execute the cooling of the heat-
liberation components, such as the battery 100, the mo-
tor-generator 200, and the inverter device 300, even at
the time of the heating-dehumidifying operation.

[0130] Furthermore, in the heating-dehumidifying op-
erationillustrated in Fig. 8, the heating-dehumidifying op-
eration can also be implemented by circulating the refrig-
erant flowing through the refrigerant pipe 12 in the same
direction as the one in the heating operation illustrated
in Fig. 5. Namely, a high-temperature and high-pressure
state refrigerant compressed by the compressor 1 is
caused to flow through onto the side of the intermediate
heat exchanger 6a. In the intermediate heat exchanger
6a, the refrigerant is almost heat-exchanged with the
cooling liquid flowing through the heat-transferring me-
dium pipe 13a. This heat-exchange process heats the
cooling liquid flowing through the heat-transferring me-
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dium pipe 13a. After that, the refrigerant is pressure-re-
duced in the pressure reducer 3a, thereby being formed
into a low-temperature and low-pressure refrigerant. Af-
ter that, in the intermediate heat exchanger 6b, the re-
frigerant is heat-exchanged with the cooling liquid flowing
through the heat-transferring medium pipe 13b. After
that, the refrigerant flows through the full-open pressure
reducer 3b. Moreover, the refrigerant is heat-exchanged
in the outdoor heat exchanger 4, then being compressed
again. In addition, the refrigerant repeats the series of
cycles described above.

[0131] Taking the temperature of each heat-liberation
component and the indoor temperature into considera-
tion, the condition which is employable as the heating-
dehumidifying operation condition is either of the condi-
tions given in Fig. 7 and Fig. 8, where the power con-
sumption amount becomes smaller.

(2nd Embodiment)

[0132] Referring to Fig. 9 and Fig. 10, the explanation
will be given below concerning a second embodiment of
the thermodynamic cycle system set up on the EV 1000.
[0133] The present embodiment is a modified embod-
iment of the first embodiment. Concretely, the corre-
spondence relationship between the intermediate heat
exchangers 6a and 6b and the first and second heat-
transferring systems is a relationship which is inversed
to the one in the first embodiment. Namely, the cooling
liquid in the first heat-transferring system and the refrig-
erant in the refrigeration cycle system are heat-ex-
changed with each other by the intermediate heat ex-
changer 6b which is deployed between the pressure re-
ducers 3a and 3b. Also, the cooling liquid in the second
heat-transferring system and the refrigerant in the refrig-
eration cycle system are heat-exchanged with each other
by the intermediate heat exchanger 6a which is deployed
between the pressure reducer 3a and the four-way valve
2.

[0134] The other configurations are basically the same
as those in the first embodiment. Accordingly, the same
reference numerals are affixed to the same configura-
tions as those in the first embodiment, and thus the ex-
planation thereof will be omitted.

[0135] Also, each operation in the present embodi-
ment at the time of its cooling or heating operation is the
same as the one in the first embodiment. In each oper-
ation in the present embodiment at the time of its cooling-
dehumidifying or heating-dehumidifying operation, how-
ever, the refrigeration cycle system performs its cooling
operation always. As illustrated in Fig. 10, in the cooling-
dehumidifying operation, the refrigerant flowing through
the refrigerant pipe 12 is caused to flow therethrough
from the side of the pressure reducer 3b to the side of
the pressure reducer 3a under a condition that the pres-
sure reducer 3a is set into its full-open state, and that the
pressure reducer 3b is set into a state where its open
degree is throttled. Meanwhile, in the heating-dehumid-

15

20

25

30

35

40

45

50

55

18

ifying operation, the refrigerant flowing through the re-
frigerant pipe 12 is caused to flow therethrough from the
side of the pressure reducer 3b to the side of the pressure
reducer 3a under a condition that the pressure reducer
3a is set into a state where its open degree is throttled,
and that the pressure reducer 3b is set into its full-open
state. In this way, the adjustment is made with respect
to the temperatures of the cooling liquids flowing through
the heat-transferring medium pipes 13a and 13b.
[0136] According to the present embodiment ex-
plained so far, as is the case with the first embodiment,
it becomes possible to perform not only the air condition-
ing of the vehicle, but also the temperature adjustment
of each heat-liberation component. Consequently, ac-
cording to the present embodiment, it becomes possible
to acquire basically the same functions and effects as in
the first embodiment.

[3rd Embodiment]

[0137] Referring to Fig. 11, the explanation will be giv-
en below regarding a third embodiment of the thermody-
namic cycle system set up on the EV 1000.

[0138] The present embodiment is an improved em-
bodiment of the second embodiment. In the present em-
bodiment, an outdoor heat exchanger 14 is provided on
the bypass pipe 13c. The outdoor heat exchanger 14 is
deployed in a side-by-side manner with the outdoor heat
exchanger 4 such that the exchanger 14 is deployed on
the upstream side of the outdoor heat exchanger 4 with
reference to the flow of the air sent by the fan 8a. Based
on this deployment, the outdoor heat exchanger 14 per-
forms the heat exchange between the air sent by the fan
8a and the cooling liquid flowing through the bypass pipe
13c. Also, in the present embodiment, the three-way
valve 9b is deployed between the pump 7a and the in-
termediate heat exchanger 6b. Thanks to this deploy-
ment of the valve 9b, it is made possible to cause the
cooling liquid before being heat-exchanged by the inter-
mediate heat exchanger 6b to flow through the bypass
pipe 13c.

[0139] The other configurations are basically the same
as those in the second embodiment. Accordingly, the
same reference numerals are affixed to the same con-
figurations as those in the second embodiment, and thus
the explanation thereof will be omitted.

[0140] Also, each operation in the present embodi-
ment at the time of its cooling, heating, cooling-dehumid-
ifying, or heating-dehumidifying operation is the same as
the one in the second embodiment.

[0141] According to the present embodiment ex-
plained so far, as is the case with the second embodi-
ment, it becomes possible to perform not only the air
conditioning of vehicle, but also the temperature adjust-
ment of each heat-liberation component. Consequently,
according to the present embodiment, it becomes pos-
sible to acquire basically the same functions and effects
as in the second embodiment.
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[0142] Also, according to the present embodiment, at
the time of its cooling operation, the heat of the heat-
liberation components can be directly liberated out into
the outdoor air without the intervention of the refrigeration
cycle system. Consequently, according to the present
embodiment, it becomes possible to implement an en-
hancement in the degree-of-freedom of the thermody-
namic cycle system.

(4th Embodiment)

[0143] Referring to Fig. 12, the explanation will be giv-
en below concerning a fourth embodiment of the thermo-
dynamic cycle system set up on the EV 1000.

[0144] The present embodiment is an embodiment
which is implemented by improving the first embodiment
on the basis of a concept similar to the one in the third
embodiment. In the present embodiment, the outdoor
heat exchanger 14 is provided on the bypass pipe 13c.
The outdoor heat exchanger 14 is deployed in a side-by-
side manner with the outdoor heat exchanger 4 such that
the exchanger 14 is deployed on the upstream side of
the outdoor heat exchanger 4 with reference to the flow
of the air sent by the fan 8a. Based on this deployment,
the outdoor heat exchanger 14 performs the heat ex-
change between the air sent by the fan 8a and the cooling
liquid flowing through the bypass pipe 13c. Also, in the
present embodiment, the three-way valve 9b is deployed
between the pump 7a and the intermediate heat ex-
changer 6a. Thanks to this deployment of the valve 9b,
it is made possible to cause the cooling liquid before be-
ing heat-exchanged by the intermediate heat exchanger
6a to flow through the bypass pipe 13c.

[0145] The other configurations are basically the same
as those in the first embodiment. Accordingly, the same
reference numerals are affixed to the same configura-
tions as those in the first embodiment, and thus the ex-
planation thereof will be omitted.

[0146] Also, each operation in the present embodi-
ment at the time of its cooling, heating, cooling-dehumid-
ifying, or heating-dehumidifying operation is the same as
the one in the first embodiment.

[0147] According to the present embodiment ex-
plained so far, as is the case with the first embodiment,
it becomes possible to perform not only the air condition-
ing, but also the temperature adjustment of each heat-
liberation component. Consequently, according to the
present embodiment, it becomes possible to acquire ba-
sically the same functions and effects as in the first em-
bodiment.

[0148] Also, according to the present embodiment, at
the time of its cooling operation, the heat of the heat-
liberation components can be directly liberated out into
the outdoor air without the intervention of the refrigeration
cycle system. Consequently, according to the present
embodiment, it becomes possible to implement an en-
hancement in the degree-of-freedom of the thermody-
namic cycle system.
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[0149] It should be further understood by those skilled
in the artthat although the foregoing description has been
made on embodiments of the invention, the invention is
not limited thereto and various changes and modifica-
tions may be made without departing from the spirit of
the invention and the scope of the appended claims.
[0150] Features, components and specific details of
the structures of the above-described embodiments may
be exchanged or combined to form further embodiments
optimized for the respective application. As far as those
modifications are readily apparent for an expert skilled
in the art they shall be disclosed implicitly by the above
description without specifying explicitly every possible
combination, for the sake of conciseness of the present
description.

Claims

1. A moving vehicle thermodynamic cycle system,
comprising:

a refrigeration cycle system through which a re-
frigerant flows;

a first heat-transferring system through which a
heat-transferring medium flows, said heat-
transferring medium being used for adjusting
temperatures of heat-liberation components
(100, 200, 300);

a second heat-transferring system through
which a heat-transferring medium flows, said
heat-transferring medium being used for adjust-
ing an indoor air state;

a first heat exchanger (6a) provided between
said refrigeration cycle system and said first
heat-transferring system, and performing heat
exchange between said refrigerant and said
heat-transferring medium;

asecond heatexchanger (6b) provided between
said refrigeration cycle system and said second
heat-transferring system, and performing heat
exchange between said refrigerant and said
heat-transferring medium;

an indoor heat exchanger (5a) provided in said
first heat-transferring system, and performing
heat exchange between said air taken into said
indoor side and said heat-transferring medium;
and

an indoor heat exchanger (5b) provided in said
second heat-transferring system, and perform-
ing heat exchange between said air taken into
said indoor side and said heat-transferring me-
dium.

2. The moving vehicle thermodynamic cycle system
according to Claim 1, wherein
said first heat exchanger (6a) and said second heat
exchanger (6b) are deployed in series with said re-
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frigeration cycle system,
said moving vehicle thermodynamic cycle system,
further comprising:

a pressure-reducing valve (3a) for expanding
said refrigerant, said pressure-reducing valve
(3a) being provided between said first heat ex-
changer (6a) and said second heat exchanger
(6b) on a refrigerant-flowing channel (12) of said
refrigeration cycle system.

The moving vehicle thermodynamic cycle system
according to Claim 1 or 2, wherein

said heat-liberation components (100, 200, 300) are
driving components for driving said moving vehicle.

The moving vehicle thermodynamic cycle system
according to at least one of Claims 1 to 3, wherein
said first heat-transferring system further comprises
an outdoor heat exchanger (5a) for performing heat
exchange between said heat-transferring medium
and said outdoor air.

An electric vehicle (1000), comprising:

an rotating electric machine (200) coupled to
wheels (20) of the vehicle;

a battery (100) that constitutes a driving power-
supply for said rotating electric machine (200);

a power conversion device (300) for controlling
said driving of said rotating electric machine
(200) by converting DC power into AC power,
and feeding said AC power into said rotating
electric machine (200), said DC power being fed
from said battery (100); and

a thermodynamic cycle system for adjusting
temperatures of said rotating electric machine
(200), said battery (100), and said power con-
version device (300), and adjusting an indoor air
state, wherein

said thermodynamic cycle system, comprises:

a refrigeration cycle system through which
a refrigerant flows;

a first heat-transferring system through
which a heat-transferring medium flows,
said heat-transferring medium being used
for adjusting said temperatures of heat-lib-
eration components including said rotating
electric machine (200), said battery (100)
and said power conversion device (300);

a second heat-transferring system through
which a heat-transferring medium flows,
said heat-transferring medium being used
for adjusting said indoor air state;

a first heat exchanger (6a) provided be-
tween said refrigeration cycle system and
said first heat-transferring system, and per-
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forming heat exchange between said refrig-
erant and said heat-transferring medium;
a second heat exchanger (6b) provided be-
tween said refrigeration cycle system and
said second heat-transferring system, and
performing heat exchange between said re-
frigerant and said heat-transferring medi-
um;

an indoor heat exchanger (5a) provided in
said first heat-transferring system, and per-
forming heat exchange between said air
taken into said indoor side and said heat-
transferring medium; and

an indoor heat exchanger (5b) provided in
said second heat-transferring system, and
performing heat exchange between said air
taken into said indoor side and said heat-
transferring medium.
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FIG. 10
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